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A hybridoma derived from a mouse immunized with gonococcal outer membranes produced an antibody,
designated H.8, that bound to all strains of Neisseria gonorrhoeae and N. meningitidis tested, and to N.
lactamica and N. cinerea, but only rarely to other nonpathogenic Neisseria species. Studies with the
gonococcal strain used in production of the antibody showed that the antibody bound to a surface-exposed,
protease-sensitive, and heat-modifiable outer membrane antigen that we believe is distinct from previously
described gonococcal outer membrane proteins.
The genus Neisseria is composed of a number of different
species, all of which share certain properties and biochemi-
cal activities. Within this genus, however, there are both
pathogenic and commensal species. Neisseria gonorrhoeae
and N. meningitidis are responsible for a variety of infec-
tions of varying severity and public health cost. The factors
that determine the type of infection caused, or those that
differentiate the pathogenic species from commensal Neis-
seria species, are not well understood.
Many studies on the pathogenic Neisseria spp. have
focused on the components of the bacterial surface, includ-
ing outer membrane proteins, lipopolysaccharide, and pili.
These studies have revealed associations between particular
surface components and other properties of the organisms
that may be related to virulence (2, 3, 8, 19, 28). In addition,
it has been demonstrated that the surface composition of the
pathogenic Neisseria spp. is highly variable. Differences in
particular surface components can be seen between different
strains, and also within a strain. The major outer membrane
proteins of both gonococci and meningococci differ antigeni-
cally and chemically in different strains (7, 14, 34), and
proteins such as protein II of the gonococcus (11, 30), or the
heat-modifiable proteins of meningococci (28, 34), can be
variably present within a single strain. Surface variability
may be associated with differences in the ability of the
organisms to survive in different microenvironments within
the host, as well as being important in evading host immune
responses.
Amidst the observed heterogeneity of surface composi-
tion, very few components or antigenic determinants com-
mon to all gonococci or meningococci or both have been
identified. Recognition of such common determinants might
contribute to an understanding of the factors that distinguish
the pathogenic Neisseria spp. from closely related commen-
sal organisms and to an eventual definition of the role of
particular surface components in infection. We have pro-
duced monoclonal antibodies specific for gonococcal outer
membrane proteins, to be used in studies on the regulation,
structure, and function of these proteins. We report here the
isolation of a monoclonal antibody that recognizes a determi-
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nant common to all gonococci and meningococci and the
preliminary characterization of the outer membrane compo-
nent to which the antibody binds.
MATERIALS AND METHODS
Bacterial strains. N. gonorrhoeae strain FA1090 (used to
immunize mice) is a prototrophic, serum-resistant strain
isolated from a probable case of disseminated gonococcal
infection (23). Other strains of N. gonorrhoeae were ob-
tained from the collection of P. F. Sparling, from T. Buchan-
an, and from recent isolates at the Durham County Health
Department, Durham, N.C., and North Carolina Memorial
Hospital, Chapel Hill. Meningococci and commensal Neis-
seria spp. were obtained from North Carolina Memorial
Hospital and from strains collected by P. F. Sparling's
laboratory from J. Knapp, Neisseria Reference Laboratory,
Seattle, Wash.; M. Mulks, Tufts-New England Medical
Center, Boston, Mass.; and the North Carolina State Health
Department, Raleigh. The identification of all strains was
confirmed by the pattern of sugars fermented (16). All
Neisseria sp. strains were grown on GC medium base agar
(Difco Laboratories) with Kellogg's defined supplements
(15) and were incubated in a 5% CO2 atmosphere at 37°C.
Colony variants (opaque, transparent, piliated, nonpiliated)
of N. gonorrhoeae were identified by the criteria of Swanson
(29).
Preparation of gonococcal outer membrane antigens. Outer
membrane fractions were prepared by Sarkosyl extraction
(33) or by extraction with lithium acetate (14). Pili were
purified by the method of Brinton et al. (1).
Production of hybridomas. BALB/c mice were immunized
with Sarkosyl-extracted outer membrane preparations con-
taining 50 ,ug of protein on days 1 and 14. On day 17, fusions
of spleen cells and Sp2/0 myeloma cells with polyethylene
glycol were performed as previously described (23). Anti-
bodies were screened for binding to gonococci by solid-
phase radioimmunoassay (23) or by enzyme-linked immuno-
sorbent assay (ELISA), performed by the method of Engval
and Perlman (6). Gonococci were fixed to polystyrene
microtiter wells with 0.25% glutaraldehyde, probed with
monoclonal antibody, incubated with alkaline phosphatase-
conjugated goat anti-mouse immunoglobulin G (Sigma
Chemical Co.), and incubated with phosphatase substrate
(Sigma). Plates were read on an MR 580 Microelisa Auto
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TABLE 1. Binding of monoclonal antibody H.8 to various
species of Neisseria, determined by colony blot
radioimmunoassay
Species strains tested No. positive
N. gonorrhoeae 48 48
N. meningitidis 25 25
N. lactamica 5 4
N. cinerea 1 1
N. subflava, N. perflava, 20 0
N. mucosa, N. flava,
N. flavescens
N. sicca 9 1
B. catarrhalis 5 0
Reader (Dynatech Instruments) at a wavelength of 405 nm.
Antibody subclass was determined by ELISA, using sub-
class-specific rabbit anti-mouse immunoglobulin sera (Bio-
netics).
Colony blot radioimmunoassay. Bacterial colonies on GCB
agar were assayed for binding of monoclonal antibody by a
modification of the method of Henning et al. (12). Colonies
were blotted with autoclaved disks of Whatman no. 42 filter
paper. Filters were dried at 37°C and incubated for 1 h at
37°C in a solution of antibody in phosphate-buffered saline
(PBS) containing 0.5% bovine serum albumin. Filters were
washed with agitation in three changes of PBS-0.5% bovine
serum albumin for a total of 15 min at room temperature,
incubated at 37°C in PBS-0.5% bovine serum albumin
containing 0.1 ,uCi of radioiodinated protein A (Amersham
Corp.) per ml, and washed again as before. Dried filters were
autoradiographed with Kodak XR-5 film, using a Cronex
enhancing screen. A positive result for antibody binding to a
bacterial colony was indicated by darkening of the film over
that colony after a 16-h exposure at -70°C.
Adsorption of monoclonal antibody with intact bacteria.
Hybridoma culture supernatant (1 ml), diluted in PBS-0.5%
(vol/vol) Tween 20, was incubated with 5 x 107 intact,
washed bacteria, freshly scraped from a GCB plate, for 1 h at
4°C. Bacteria were removed by centrifugation in an Eppen-
dorf Microfuge. After two sequential adsorptions, the
amount of antibody remaining in the culture supernatant was
determined by ELISA. In other experiments, hybridoma
culture supernatant was diluted in minimal broth Davis
(Difco), containing no Tween 20, and was incubated with 5 x
107 intact, washed bacteria for 30 min at 37°C. Viable counts
of gonococci were done at the beginning and end of the
incubation. Bacteria were removed by centrifugation, and
the amount of antibody in the culture supernatant was
determined as described above.
Bactericidal assay. Complement-dependent bactericidal
activity of monoclonal antibody was determined by a modifi-
cation of the serum bactericidal assay of Eisenstein et al. (5).
The final serum concentration was 25%. Mixtures were
incubated at 37°C for 30 min.
SDS-PAGE and Western transfer. Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) was per-
formed in linear acrylamide gradients (4 to 30%), using the
discontinuous buffer system of Laemmli (18). Gels were
stained with Coomassie brilliant blue or were silver stained
by the method of Tsai and Frasch (32). Apparent molecular
weights were determined by comparison to the migration of
proteins of known molecular weight (Pharmacia Fine Chemi-
cals, Inc.). All reagents for electrophoresis were purchased
from Bio-Rad Laboratories or Bethesda Research Labora-
tories. Western transfer of electrophoretically separated
proteins to nitrocellulose (BA85; Schleicher & Schuell) was
done by the method of Burnette (4), except that the deter-
gent Nonidet P-40 was omitted from the washes. Transfer
was at 8 V/cm in a Bio-Rad TransBlot device. Filters were
probed with monoclonal antibody, washed, incubated in 5
nCi of radioiodinated protein A per cm2 of filter, and washed
again. Autoradiography was as described above.
RESULTS
Binding of monoclonal antibody H.8 to various Neisseria
species. BALB/r immune spleen cells, primed with outer
membranes of gonococcal strain FA1090, were fused with
Sp2/0 myeloma cells. The resulting anti-FA1090 monoclonal
antibodies (18 clones) were tested for their binding to a panel
of strains of N. gonorrhoeae, and other Neisseria species,
using the colony blot-antibody binding assay. One antibody,
designated H.8, showed an almost complete discrimination
between pathogenic and commensal Neisseria species in
binding (Table 1). The antibody bound to all of the 48
gonococcal strains tested. These strains included isolates
from patients with uncomplicated infection and disseminated
infection, serum-sensitive and serum-resistant strains, plas-
mid-free strains, 3-lactamase producers, piliated and nonpi-
liated colony types, opaque and transparent colony types,
and multiple protein I serotypes (3). Antibody H.8 also
bound to all 25 strains of N. meningitidis tested, which
included representatives of groups A, B, C, X, and Y. An
examination of other Neisseria species showed that antibody
bound to four of five strains of N. lactamica, which has been
shown to be closely related to the meningococcus (9, 22),
and to the single strain tested of N. cinerea, which is closely
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FIG. 1. Binding of antibody H.8 to various strains and species of
Neisseria, measured by ELISA. Whole cells of the strains were
suspended in PBS to an absorbance at 700 nm (A700) of 0.15. These
cells were glutaraldehyde fixed to the wells or were dried in the
wells before glutaraldehyde fixation. There was no difference in
relative antibody binding after the two methods of fixation, although
the absolute ELISA values were higher for samples that were dried
before fixation. The antibody source was culture supernatant diluted
in PBS-Tween to give appropriate ELISA values on the FA1090
control. ELISA values were expressed as a percentage of the value
obtained with strain FA1090 (used in production of the antibody).
Bars represent the mean of three to seven separate determinations;
standard error for each mean is indicated by the solid line.
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related to the gonococcus (J. S. Knapp et al., Abstr. Annu.
Meet. Am. Soc. Microbiol. 1983, C26, p. 316). The single
strain of N. sicca that bound antibody was one that has been
designated as atypical by the Neisseria Reference Labora-
tory (26; J. S. Knapp, personal communication). The anti-
body did not bind detectably to any of the 33 other strains of
commensal Neisseria spp. or Branhamella catarrhalis test-
ed. Antibody H.8 also did not bind to recent clinical isolates
of Escherichia coli (10 strains tested) or Haemophilus in-
fluenzae (14 strains tested).
The results of the colony blot-antibody binding assay were
confirmed by an ELISA test, in which whole cells of the
various Neisseria species were glutaraldehyde fixed to the
wells of polystyrene microtiter plates. Binding of the anti-
body to the strains was expressed as a percentage of the
level observed for the homologous gonococcal strain
FA1090. Figure 1 shows the results of the ELISA tests on a
representative sampling of the strains of various Neisseria
species. There was considerable variation in the extent of
antibody binding to different strains of the same species. In
general, gonococci seemed to bind more antibody than
meningococci or the positive strains of N. lactamica. The
strain of N. lactamica that failed to bind antibody in the
colony blot assay also showed little if any binding of
antibody in the ELISA test. Similarly, the two strains of the
commensal Neisseria spp. that bound antibody in the
ELISA test were the same ones (one N. cinerea and one N.
sicca) that bound antibody in the colony blot screening
procedure.
Characterization of the H.8-binding antigen. Purified outer
membranes of gonococcal strain FA1090 contained the H.8-
binding determinant, as measured by ELISA. Lithium ace-
tate-extracted outer membranes of FA1090 were subjected
to SDS-PAGE and Western transfer and probed with the H.8
antibody (Fig. 2). The antibody bound to a component that
was heat modifiable, with a single antibody-binding band of
apparent molecular weight of 20,000 in samples prepared at
37°C and bands of 20,000 and 30,000 (30K) in samples
prepared at 100°C. The extent of appearance of the 30K band
with 100°C treatment varied from one experiment to another.
Treatment with 2-mercaptoethanol had no effect on the
electrophoretic mobility of the H.8-binding material. There
was no Coomassie blue-staining material in the gel that
comigrated with the antibody-binding component. A faint
band on silver-stained gels did correspond in size to the
antibody-binding band. Apparently, there was either a very
small quantity of this antigen in outer membranes or it
showed unusual staining properties. Incubation of outer
membranes with papain or trypsin before SDS-PAGE and
Western blotting resulted in complete disappearance of the
antibody-binding band on the autoradiogram.
A group of gonococcal outer membrane proteins of appar-
ent molecular weight similar to that of the H.8-binding
component is the protein(s) II (P.11) group. Different colony
variants of a single gonococcal strain can vary in their
expression of one or more members of this group of proteins
(11, 30). In colony blot and Western transfer experiments,
colony variants of strain FA1090 with different electropho-
retically distinguishable P.II bands, or no P.11, showed no
difference in amount or electrophoretic mobility of the H.8-
binding material. The H.8 antigen was present in both
piliated and nonpiliated colony variants of strain FA1090,
and the antibody showed no binding to purified gonococcal
pilin subunits (data not shown).
SDS-PAGE and Western blotting of a meningococcal
strain and a strain of N. lactamica showed that the H.8-
binding material was also found in lithium acetate-extracted
outer membranes of these strains. The electrophoretic mo-
bility of the antibody-binding component from these strains
was slightly different from that in gonococcal strain FA1090
(Fig. 3). In this experiment, treatment of samples at 100°C
resulted in only trace amounts of a heat-modified form of the
antigen. Digestion of the N. meningitidis and N. lactamica
outer membranes with proteolytic enzymes resulted in dis-
appearance of the antibody-binding band.
Surface exposure of H.8-binding antigen in gonococcal
strain FA1090. To determine whether the antibody was
directed against a surface-exposed gonococcal outer mem-
brane component, the ability of intact cells of strain FA1090
to adsorb the antibody from hybridoma culture supernatant
was measured. Table 2 shows that intact cells of FA1090
removed essentially all antibody from the culture superna-
tant; a control experiment with a strain of N. mucosa
showed no appreciable reduction in antibody level. To test
the possibility that a nonsurface component from lysed
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FIG. 2. SDS-PAGE and Western blot of H.8-binding material in
gonococcal strain FA1090. (Left) SDS-PAGE of lithium acetate-
extracted outer membranes of strain FA1090, solubilized at 100 and
37°C. Gel was silver stained. Arrows indicate protein I (P.1) and
protein II (P.11). (Right) Autoradiogram of the Western blot of the
same gel, after probing with H.8 and 1251I-labeled protein A. The
alignment of the nitrocellulose filter with the gel was confirmed by
comparison of molecular weight standards that were visualized on
the filter by staining with Coomassie blue. Asterisk indicates the
faint band on the gel that corresponds in apparent molecular weight
to the H.8-binding material.
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FIG. 3. Autoradiogram of the H.8-binding component in whole cells and outer membranes of one strain each of N. lactamica, N.
meningitidis, and N. gonorrhoeae. Whole cells and lithium acetate-extracted outer membranes were solubilized at 37 and 100°C and subjected
to SDS-PAGE and Western transfer. (Lanes 1 and 2) Whole cells of N. lactamica strain NRL30011 (from the Neisseria Reference
Laboratory), solubilized at 37 and 100°C, respectively; (lanes 3 and 4) outer membranes of NRL30011, solubilized at 37 and 100°C; (lanes 5
and 6) whole cells of N. meningitidis strain MGC6625 (originally obtained from M. Mulks), solubilized at 37 and 100°C; (lanes 7 and 8) outer
membranes of MGC6625, at 37 and 100°C; (lanes 9 and 10) whole cells of N. gonorrhoeae strain FA1090, at 37 and 100°C; (lanes 11 and 12)
outer membranes of strain FA1090, at 37 and 100°C.
gonococci was responsible for the observed inhibition, we
performed the adsorption experiment under a second set of
conditions. H.8 culture supernatant was adsorbed with in-
tact cells in minimal broth Davis, containing no Tween 20,
for 30 min at 37°C. In a representative experiment, the
ELISA value of unadsorbed supernatant (0.74) was reduced
to 0.02 by a single adsorption with gonococcal strain
FA1090. There was no decrease in the number of viable
CFU in the incubation mixture over the 30-min period,
indicating that lysis of organisms was not occurring. Under
the Tween 20-free conditions, a control adsorption with N.
mucosa strain NRL9300 resulted in a 45% inhibition of the
TABLE 2. ELISA values of H.8 antibody adsorbed with intact
cells of antibody-binding (FA1090) and non-antibody-binding
(NRL9300) Neisseria spp. before testing on whole cells of strain
FA1090
Treatment of H.8 culture supernatant ELISA
None (unadsorbed)b .................................. 0.38
Adsorbed with strain FA1090 (N. gonorrhoeae)c........... 0.04
Adsorbed with strain NRL9300 (N. mucosa)c.............. 0.34
Unadsorbed, incubated in antigen-free well............... 0.02
a Optical density at 405 nm after 30 min of incubation.
b Culture supematant was diluted 1:10 in PBS-Tween. The same
antibody solution was assayed unadsorbed and subjected to the
adsorptions.
c Adsorption with 5 x 107 bacterial cells was done twice, as
described in the text. Values given are those for a representative
experiment. The control (unadsorbed) ELISA value varied with
different batches of culture supernatant, but relative values with the
various adsorptions were similar in four separate experiments.
ELISA value, presumably due to nonspecific interactions
between the bacteria and the antibody. However, the differ-
ence between the FA1090-adsorbed samples and the
NRL9300-adsorbed samples was striking under both incuba-
tion conditions. It seems unlikely that the apparent surface
exposure of the H.8 antigen was due to lysis and release of a
nonsurface component from the gonococci.
The H.8 antigen was not released into the gonococcal
growth medium to a significant extent, as there was no
antigen detectable by the ELISA in culture supernatant from
a mid-log-phase broth culture of strain FA1090.
The H.8 antibody was not bactericidal for gonococcal
strain FA1090, using either normal human serum or normal
rabbit serum as complement source. Normal mouse serum
was itself bactericidal for strain FA1090 and therefore could
not be used as the complement source in the bactericidal
assay.
The H.8 antibody was of the immunoglobulin G2b sub-
class.
DISCUSSION
The H.8 monoclonal antibody showed an almost complete
discrimination between the pathogenic and commensal Neis-
seria spp. in binding. The antibody bound to all of the strains
of N. gonorrhoeae and N. meningitidis tested. We do not
know at this time whether the variability in binding of the
antibody to the various strains of gonococci and meningo-
cocci was due to variation in the amount of the antigen or to
differences in its surface exposure or antibody accessibility.
The binding of the antibody to N. lactamica and N. cinerea
was consistent with other evidence that indicates that these
two species are very closely related to the meningococcus
and the gonococcus, respectively (9, 22). There are a few
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case 'reports of infections associated with N. lactamica,
suggesting that this species may be an occasional pathogen
(10, 31).
Functional and evolutionary relationships between the
pathogenic and commensal Neisseria spp. are poorly under-
stood. Genetic studies have shown that N. gonorrhoeae, N.
meningitidis, and N. lactamica share greater DNA homolo-
gy with each other than with other Neisseria species (17). N.
gonorrhoeae can be genetically transformed more readily
with DNA from N. meningitidis or N. lactamica than with
DNA from commensal Neisseria species (27). However,
there does not seem to be a clear-cut boundary between
pathogens and commensals, particularly in view of recent
evidence that DNA from normal mouth flora may transform
strains of N. gonorrhoeae such that they acquire characteris-
tics of other species (13). Despite this potential for exchange
of genetic information, there are some characteristics that
have been shown to occur only in the pathogenic species.
Both gonococci and meningococci produce an immunoglob-
ulin A protease (25) and possess the ability to adhere
specifically to mucus-secreting columnnar epithelial cells (21).
The presence of the H.8 antigen on N. gonorrhoeae, N.
meningitidis, and N. lactamica provides an additional char-
acteristic that differentiates this group of organisms from the
commensal Neisseria species.
Characterization of the H.8 antigen in gonococcal strain
FA1090 suggested that it was a surface-exposed outer mem-
brane component distinct from previously described gono-
coccal outer membrane proteins. The protease-sensitive
antigen was not mercaptoethanol modifiable, but was heat
modifiable. It seems likely that the 30K antibody-binding
component that was variably present in 100°C-solubilized
samples of this strain represents a modified form of the 20K
component. These characteristics distinguish the H.8 anti-
gen from protein I or III of the gonococcal outer membrane
(11, 20). Newhall et al. (24) have described a protein
complex designated OMP-MC in the outer membrane of all
gonococci, but its apparent molecular weight (approximately
800,000) is very different from that of the H.8 antigen. The
evidence that the H.8 antigen was distinct from P.II or pilin
was primarily indirect, in that the presence and electropho-
retic mobility of the antigen was unaffected by demonstrated
differences in possession of P.II or pili. Also, there was no
binding of antibody to purified pilin. In addition, the unusual
staining properties of this component (failure to stain with
Coomassie blue; faint staining with silver stain) differ from
those of previously identified gonococcal membrane pro-
teins and may reflect unique structural features of the H.8
antigen. An alternative possibility is that there is a very small
quantity of this material in strain FA1090 outer membranes,
so that it is not seen by conventional staining techniques.
Further experiments must be done to distinguish between
these possibilities.
Experiments with a strain of N. meningitidis and one of N.
lactamica showed that these strains each possessed an
antibody-binding component in the outer membrane that was
of apparent molecular weight similar, but not identical, to
that of the component in gonococcal strain FA1090. In
preliminary experiments, we have observed that the electro-
phoretic mobility of the H.8-binding component also varies
slightly in different gonococcal strains.
The conservation of the H.8-binding antigen among vari-
ous strains and species of pathogenic Neisseria seems partic-
ularly noteworthy in comparison to the variability of many
other surface components of gonococci and meningococci.
Many questions on the structure and function of the H.8
antigen remain to be answered. Speculations on the possible
role of this component in pathogenesis, or on its ability to
stimulate production of protective antibody, must await
future experiments.
ACKNOWLEDGMENTS
We thank P. F. Sparling, T. Buchanan, and J. Black for providing
strains and for many helpful discussions. Lynn Brooks' expert
assistance in preparation of the manuscript is gratefully acknowl-
edged.
This investigation was supported by Public Health Service grant
A115036 from the National Institute of Allergy and Infectious
Disease (to J.G.C.) and by a research grant from the Becton
Dickinson Research Center, Becton Dickinson and Co., Research
Triangle Park, N.C. (to I.N.).
LITERATURE CITED
1. Brinton, C. C., J. Bryan, J. Dillon, N. Guerina, L. J. Jacobson,
A. Labic, S. Lee, A. Levine, S. Lim, J. McMichael, S. Polen, K.
Rogers, A. To, and S. To. 1978. Uses of pili in gonorrhea
control: role of bacterial pili in disease, purification and proper-
ties of gonococcal pili, and progress in the development of a
gonococcal pilus vaccine for gonorrhea, p. 155-178. In G. F.
Brooks, E. C. Gotschlich, K. K. Holmes, W. D. Sawyer, and
F. E. Young (ed.), Immunobiology of Neisseria gonorrhoeae.
American Society for Microbiology, Washington, D.C.
2. Buchanan, T. M. 1977. Surface antigens: pili, p. 255-272. In
R. B. Roberts (ed.), The gonococcus, John Wiley & Sons, Inc.,
New York.
3. Buchanan, T. M., and J. F. Hildebrandt. 1981. Antigen-specific
serotyping of Neisseria gonorrhoeae: characterization based
upon principal outer membrane protein. Infect. Immun. 32:985-
994.
4. Burnette, W. N. 1981. "Western blotting": electrophoretic
transfer of proteins from sodium dodecyl sulfate-polyacryl-
amide gels to unmodified nitrocellulose and radiographic detec-
tion with antibody and radioiodinated protein A. Anal. Bio-
chem. 112:195-203.
5. Eisenstein, B. I., T. J. Lee, and P. F. Sparling. 1977. Penicillin
sensitivity and serum resistance are independent attributes of
strains of Neisseria gonorrhoeae causing disseminated gono-
coccal infection. Infect. Immun. 15:834-841.
6. Engvall, E., and P. Perlman. 1972. Enzyme-linked immunosor-
bent assay ELISA. III. Quantitation of specific antibodies by
enzyme-labelled anti-immunoglobulin in antigen coated tubes.
J. Immunol. 109:129-135.
7. Frasch, C. E. 1977. Role of protein serotype antigens in protec-
tion against disease due to Neisseria meningitidis. J. Infect. Dis.
136(Suppl):S84-S90.
8. Frasch, C. E. 1979. Noncapsular surface antigens of Neisseria
meningitidis, p. 304-337. In L. Weinstein and B. Fields (ed.),
Seminars in infectious disease, vol. 2. Stratton Intercontinental
Medical Book Corp., New York.
9. Gold, R., I. Goldschneider, M. Lepow, T. Draper, and M.
Randolph. 1978. Carriage of Neisseria meningitidis and Neis-
seria lactamica in infants and children. J. Infect. Dis. 137:112-
121.
10. Hansman, D. 1977. Meningitis caused by Neisseria lactamica.
N. Engl. J. Med. 299:491.
11. Heckels, J. E. 1977. The surface properties of Neisseria gonor-
rhoeae: isolation of the major components of the outer mem-
brane. J. Gen. Microbiol. 99:333-341.
12. Henning, U., H. Schwarz, and R. Chen. 1979. Radioimmunologi-
cal screening method for specific membrane proteins. Anal.
Biochem. 97:153-157.
13. Ison, C., A. Glynn, and S. Bascombe. 1982. Acquisition of new
genes by oral Neisseria. J. Clin. Pathol. 35:1153-1157.
14. Johnston, K. H., K. K. Holmes, and E. C. Gotschlich. 1976.
Serological classification of Neisseria gonorrhoeae. I. Isolation
of the outer membrane complex responsible for serotype speci-
ficity. J. Exp. Med. 143:751-758.
INFECT. IMMUN.
PATHOGENIC NEISSERIA SPP. COMMON ANTIGEN 999
15. Kellogg, D. S., W. L. Peacock, W. E. Deacon, L. Brown, and
C. I. Pirkle. 1963. Neisseria gonorrhoeae. I. Virulence geneti-
cally linked to clonal variation. J. Bacteriol. 85:1274-1279.
16. Kellogg, D. S., Jr., and E. M. Turner. 1973. Rapid fermentation
confirmation of Neisseria gonorrhoeae. Appl. Microbiol.
25:550-552.
17. Kingsbury, D. T. 1967. Deoxyribonucleic acid homologies
among species of Neisseria. J. Bacteriol. 94:870-874.
18. Laemmli, U. K. 1970. Cleavage of structural proteins during the
assembly of the head of bacteriophage T4. Nature (London)
227:680-685.
19. Lambden, P. R., J. E. Heckels, L. T. James, and P. J. Watt.
1979. Variations in surface protein composition associated with
virulence properties in opacity types of Neisseria gonorrhoeae.
J. Gen. Microbiol. 114:305-312.
20. McDade, R. L., and K. H. Johnston. 1980. Characterization of
the serologically dominant outer membrane proteins of Neis-
seria gonorrhoeae. J. Bacteriol. 141:1183-1191.
21. McGee, Z. A., D. S. Stephens, M. A. Melly, C. R. Gregg, W. F.
Schlech, and L. H. Hoffman. 1982. Role of attachment in the
pathogenesis of disease caused by Neisseria gonorrhoeae and
Neisseria meningitidis, p. 292-295. In D. Schlessinger (ed.),
Microbiology-1982. American Society for Microbiology,
Washington, D.C.
22. Mitchell, M. S., D. L. Rhoden, and E. 0. King. 1965. Lactose-
fermenting organisms resembling Neisseria meningitidis. J.
Bacteriol. 90:560-563.
23. Nachamkin, I., J. G. Cannon, and R. S. Mittler. 1981. Monoclo-
nal antibodies against Neisseria gonorrhoeae: production of
antibodies directed against a strain-specific cell surface antigen.
Infect. Immun. 32:641-648.
24. Newhall, W. J., C. E. Wilde III, W. D. Sawyer, and R. A. Haak.
1980. High-molecular-weight antigenic protein complex in the
outer membrane of Neisseria gonorrhoeae. Infect. Immun.
27:475-482.
25. Plaut, A. G., J. V. Gilbert, M. S. Artenstein, and J. D. Capra.
1975. Neisseria gonorrhoeae and Neisseria meningitidis: extra-
cellular enzyme cleaves human immunoglobulin A. Science
190:1103-1105.
26. Russell, R. R. B., K. G. Johnson, and I. J. McDonald. 1978.
Immunological relationships of some non-pathogenic Neisseria.
Can. J. Microbiol. 24:189-191.
27. Siddiqui, A., and I. D. Goldberg. 1975. Intrageneric transforma-
tion of Neisseria gonorrhoeae and Neisseria perfiava to strepto-
mycin resistance and nutritional independence. J. Bacteriol.
124:1359-1365.
28. Stephens, D. S., and Z. A. McGee. 1983. Association of viru-
lence of Neisseria meningitidis with transparent colony type
and low-molecular weight proteins. J. Infect. Dis. 147:282-292.
29. Swanson, J. 1978. Studies on gonococcus infection. XII. Colony
color and opacity variants of gonococci. Infect. Immun. 19:320-
331.
30. Swanson, J. 1978. Studies on gonococcus infection. XIV. Cell
wall protein differences among color opacity colony variants of
Neisseria gonorrhoeae. Infect. Immun. 21:292-302.
31. Telfer Brunton, W. A., H. Young, and D. R. K. Fraser. 1980.
Isolation of Neisseria lactamica from the female genital tract.
Br. J. Vener. Dis. 56:325-326.
32. Tsai, C.-M., and C. E. Frasch. 1982. A sensitive silver stain for
detecting lipopolysaccharides in polyacrylamide gels. Anal.
Biochem. 119:115-119.
33. Walstad, D. L., L. F. Guymon, and P. F. Sparling. 1977. Altered
outer membrane protein in different colonial types of Neisseria
gonorrhoeae. J. Bacteriol. 129:1623-1627.
34. Zollinger, W. D., and R. E. Mandrell. 1980. Type-specific
antigens of group A Neisseria meningitidis: lipopolysaccharide
and heat-modifiable outer membrane proteins. Infect. Immun.
28:451-458.
VOL. 43. 1984
